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Abstract 
The core-shell structure’s synthesis process by one-step hydrothermal method has remarkable peculiarities, such as simple 
procedures and short production cycles. In order to get the precursor with the core-shell  structure  , it’s important to study the 
technological parameters. In this paper, the pH  value  ,the concentration of AlCl3,the mass ratio of core and shell , the 
hydrothermal temperature and time were detailed discussed. In order to get well-coated core-shell material, the technological 
parameters were the pH value=8.5-9.8, the concentration of AlCl3 0.040ˉ0.050g/mlˈAl2O3˖TiO2=10ˁˉ28.5ˁ , the 
hydrothermal temperature 200  and the hydrothermal time 3 hours.ć  
PACS: 81.20.Rg;  
Key words˖Hydrothermal˗Core-shell˗Coating 
1. Introduction 
In recent years, surface modification of nano-particles has formed a new research field and it pushes the study 
of nano-materials to a new stage. The significance of the nanoparticle surface modification is that people can have 
more freedom on the modification of nano-particles,  not only the physical and chemical effects of nano-particles 
can be understood, but also the application of nano particles can be extended; The purpose of nano-particles’ surface 
modification may be classified into four aspects ,that is improving or changing the dispersibility of nano-particals, 
increasing the surface activity of nano-particals, creating new effects of physics, chemistry, mechanical properties or 
new functions on the surface of nano-particals and improving the compatibility of the nano-particals with other 
materials[1-2] . 
Coating the surface of nanopowder to change its properties is an important method of surface coated 
modification, and the shell material can be inorganic or organic. The nanopartical with a coating of different 
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chemical composition on its surface has remarkable peculiarities, such as biological compatibility, or good thermal, 
mechanical and chemical stability with special optical, magnetic, electrical, catalysis, hydrophilicǃhydrophobic and 
sintering properties. The control of the nano partical’s surface chemical composition and its surface modification is 
the key to obtain the high value-added nanopowder. 
After core-shell modificationˈ the nano-TiO2 powders can become a new functional material, and give full 
play to the core-shell material synergies. However, traditional process of the core-shell structure’ synthesis is based 
on the first nano nuclear particle and then envelope, furthermore, it must go through the late crystallization heat 
treatment, thereby core-shell structure synthesis in this method is complex with long cycle and much production 
costs. Whereas the core-shell structure’s synthesis process by one-step hydrothermal method don’t need made the 
nano core as a prerequisite and has the same advantages of  hydrothermal synthesis of Nano-powders. therefore, this 
method can lower production costs, simplify the process line with the prospect of industrial application[3]. 
2. Synthesis process by one-step hydrothermal method  
Synthesis process by one-step hydrothermal method of the core-shell structure nano powders such as fig.1, it 
shows that the technological process is simple. 
 
Fig1 Schematic diagram of core-shell nano-composite’s preparation 
Fig.1 shows that the whole process can be divided into three stages ,such as the Preparation of Al (OH) 3/Ti 
(OH) 4 precursor, hydrothermal process, and drying. The preparation of Al (OH) 3/Ti (OH) 4  precursor is the key 
stage in the process of core-shell structure’s formation. The core-shell structure’s synthesis process by one-step 
hydrothermal method don’t need made the nano core as a prerequisite and has the same advantages of  hydrothermal 
Synthesis of Nano-powders, and therefore, this method can lower production costs, simplify the process line. 
Therefore, it’s more significant to study the process parameters of the method.  
3. Precursor’s single factors analysis 
Coating mechanism shows that there are some factors influencing the modification quality, such as the choice of 
pH which is critical,  and the concentration of AlCl3 as well as the mass ratio of nuclear and shell have impact on the 
coating rate and the thickness of shell material. 
3.1  The influence of pH value on the preparation of core-shell precursors  
 There are many mechanisms about preparation of core-shell materials, but every kind of preparation of core-shell 
nano-powder precursor must goes through a precipitation reaction under certain pH value conditions, so the pH 
value is the main factor of the precursor’s coating and the particle size. For Ti4 + ,when the  pH> 0, the precipitation 
reaction will occur.  While Al3 + is 3.8 <pH <10.6, and when  the pH>10.6, aluminum hydroxide will be changed to 
meta-aluminate. What’s more ,the choice of precursors’ pH value can directly affect the precursors’ filteration 
condition,  the coated powders and the particle size. There are three purposes to control the pH value in the 
experiment:  1, control the precursors’ filtration rate. [H + - ]and [OH  ]decide the potential of the metal oxides and 
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hydroxides, and different pH value will show a different colloid surface potential, then affect the structure of the 
colloidal’s double-layer, and the size  of double-layer has a direct impact on the surface adsorption of colloidal 
particles, and hence affect the filtration rate of precursors; 2, control  the hydrogen dioxide, aluminum hydroxide 
precipitation generation, and ensure hydroxide colloid titanium and aluminum hydroxide to obtain; 3, through the 
control of pH value to adjust the two colloid ’s į potentials, so that with two dissimilar colloidal charge in order to 
promote the coating activity. 
Thus, according to the pH values of Ti4 + and Al3 + in precipitation, and the į potential of the two colloidal, the 
pH value range to prepare the precursor can be concluded. 
By the zeta potentiometer, the two colloidals’ į potential with the pH value were shown in Figure 2.  
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Fig.2 Curves of two colloids’ zeta potential with pH 
The coating mechanism analysis shows that [4,5], to make the two colloids with heterogeneous and larger 
charges ,the range of the pH value should be 8-10. As the 2-3 of Al(OH)3 and the c-d of Ti(OH)4 showed in figure 2. 
3.2.  AlCl3 concentrations  analysis 
    According to the mechanism of supersaturation,  AlCl3 concentration has an important impact on how Al (OH) 3 
particals coat on Ti (OH) 4(film coated, nucleation-coated). Therefore, design experiments as other conditions are 
fixed, AlCl3 concentrations were 0.03g/ml, 0.035g/ml, 0.04g/ml, 0.045g/ml, 0.05g/ml, 0.055g/ml. XRD test results 
show as follows: 
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Fig.3 XRD patterns of products at various concentration of AlCl3
The date show as: the smallest average particle size can be made with AlCl3 concentration 0.045g/ml; and 
AlCl3 concentration of 0.050g/ml , the peak intensity ratio of Al to Ti is the most, it indirectly indicate that there are 
a higher content of Al2O3 and a higher crystallinity of Al O2 3 in the core-shell composite.  
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Tab.1 Result of core-shell TiO2/Al2(OOH)2 at different AlCl3 concentration 
 
  g/ml 0.030 0.035 0.040 0.045 0.050 0.055 AlCl3
13.0 12.8 13.3 10.2 10.6 10.9 mean grain size˄nm˅ 
peak intensity ratio Al:Ti 0.07 0.073 0.05 0.073 0.087 0.076 
In addition, the surface composition analysis of samples showed that there is influence of AlCl3 concentration 
on the surface elements of samples. It was shown in table 2. 
 
Tab.2  Surface elements’ concentration of samples 
 
surface concentration (%) AlCl ˄g/ml˅ 3
O C Ti Al1s 1s 2p 2p
0.040 55.9 21.6 18.7 3.8 
0.045 57.3 19.3 18.5 4.9 
0.050 57.1 19.7 18.4 4.7 
0.055 57.2 19.5 18.7 4.6 
As shown in table 2, with the increase in the concentration of AlCl3 ,the surface chemical elements Al2p of the 
core-shell meterials firstly increase and then decrease. It can be concluded that  there is a highest Al  composition 
on the sample surface, when the AlCl3 concentration between 0.045 and 0.050 g / ml ,and the samples have the 
largest coating. It also show that the preparation of core-shell structure precursor involved in the competition 
between homogeneous nucleation and heterogeneous nucleation in accordance with  the theory of crystallography, 
as the free energy of homogeneous nucleation is greater than the free energy of heterogeneous nucleation [6,7] . So 
under controlled conditions, Al (OH)3 will be nucleation and grown along the surface of Ti (OH) 4 particles. 
However, if there is a more higher AlCl3 concentration, the too fast growth of Al (OH) 3 will lead to self-nucleation, 
or deposited on the surface of Ti (OH) 4 particles, or directly grow into the independent Al (OH) 3 particles. 
The resulting is as follows: when the AlCl3 concentration between 0.045 and 0.050 g / ml ,the samples have the 
best coating. 
3.3 The analysis of Al2O3/TiO2 mass ratio 
     In order to find the best mass ratio of core-shell materials and avoid the appearence of agglomeration for there is 
too much of free Al2O3 (which is uncoated), or impact the Al2O3-coated quality for there is insufficient Al2O3, so 
that the single factor analysis of core-shell mass ratio experiment was designed as follows: In other conditions being 
equal, the mass ratio of Al2O3 and TiO2 may be 5%, 10%, 15%, 20%, 25%, 28.5%, 42.5%  to fulfill  this 
experiments. 
The diagrams of XRD show as follows: 
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Fig.4 XRD patterns of various mass ratio 
The XRD diagram show that when the mass ratio of Al2O3 and TiO2 is 5%,  the intensity of first diffraction 
peak of Al2O3(in the form of Al2 (OOH) 2) is very weak; when the mass ratio of Al2O3 and TiO2 is 15%, the  
intensity of  diffraction peak of Al2 (OOH) 2  in 2ș = 14.45°, 28.36°, 38.33°  gradually become apparent; However 
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the characteristics peak of TiO2 anatase (2ș = 25.38°) gradually weakened. By the sherrer formula to obtain the 
average particle size of TiO2/Al2 (OOH) 2 core-shell nano-powder materials show as table3:  
Tab.3 Result of core-shell TiO2/Al2O3 at different mass ratio 
 
Samples 1 2 3 4 5 6 7 
TiO /Al O  mass ratio 5% 10% 15% 20% 25% 28.5% 42.5% 2 2 3
10.1 10.6 10.4 11.1 11.95 16.7 14.5 mean grain size˄nm˅ 
0.066 0.087 0.163 0.274 0.322 0.350 0.29 peak intensity ratio of  AlǃTi
The table show that the intensity ratio of Al2O3 characteristic peaks ((0 2 0) crystal plane and (0 2 1) crystal 
plane) and the TiO2 characteristic peaks ((1 0 1) crystal plane) change from weak to strong, and reach maximum 
intensity at about 28.5 percent TiO2/Al2O3 mass ratio  then decrease slightly.  
The XRD diagram of single-factor experiments were characterized the existence of Al2O3, and show that Ti 
(OH) 4 has been dehydrated to generate anatase TiO2, and then Al2O3 coating on the surface of TiO2 by the form of 
the Į-Al2 (OOH) 2 crystal . when the mass ratio of Al2O3 and TiO2 is between 10% and 28.5%,the proper amount of 
Al2O3 can be obtained, it avoid the appearance of agglomeration for there is too much of free Al2O3 (which is 
uncoated), or the impact of the coating quality for there is insufficient Al2O3. 
4. Analysis of the hydro-thermal condition 
The core-shell precursor was put into the autoclave, then fulfilled the  hydro-thermal reaction under a certain 
pressure and temperature. The hydro-thermal reaction in the autoclave is relate to the crystallization degree of core-
shell precursor, whether the core-shell hydroxide can keep the status of its envelope in the process of dehydration, 
and the growth of nano-partical nucleation. So the analysis of hydro-thermal temperature and hydro-thermal time is 
necessary. 
4.1 the effect of hydro-thermal temperature 
In this series of experiments, only the hydro-thermal temperature is changed as follows: T1 = 240 , Tć 2 = 220 
, Tć 3 = 200 , with the hydroć -thermal time fixed 3h,  
the powder can be prepared, and the data of XRD are shown in fig.5 and table 4. 
 
Fig 5  XRD patterns of core-shell powders at different temperatures 
Tab.4 Samples’ crystallization at different temperatures 
 
T Tsample T1 2 3
20.9 20.3 16.6 Grain size˄nm˅ 
75.7 75.1 70.3 Crystallinity˄ˁ˅ 
Figure 5 and Table 4 show that if the precursors are treated by hydrothermal, the products’ crystallinity is in 
right proportion to the hydro-thermal temperature, and the partical size of core-shell nanocrystals is also in right 
proportion to the hydro-thermal temperature , that is to say, the more higher of hydro-thermal temperature, the better 
of crystallization, but the more greater of average particle size and the more higher of energy consumption. 
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4.2 The effect of hydro-thermal time 
In this series of experiments, only the hydro-thermal times can be changed as follows: t1 = 2.5h, t2 = 3h, t3 = 
3.5h, with the hydro-thermal temperature fixed 240 , the powders can be got. The powder was characterized by ć
XRD, and the results were shown in figure 6: 
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Fig6  XRD patterns of core-shell powders at various times 
Figure 6 shows that the only change of hydro-thermal time has large effect on the crystallization and particle 
size of product, when the hydro-thermal time is t1, the sample has a higher degree of crystallization; and when the 
hydro-thermal time is t3, there is the strongest diffraction peak and the best crystallization with the largest particle 
size. Therefore, when the hydro-thermal time is increased, there is a higher sample crystallization, which shows the 
sharp diffraction peak. And  a larger average particle size, and the emergence of agglomeration will appear. 
5. Conclusions 
For the purpose of providing experimental data to achieve industrialization of core-shell nano-powder prepared 
by this method, the formation mechanism of core-shell, the pH  value  ,the concentration of AlCl3,the mass ratio of 
core and shell , the hydrothermal temperature and time were detailed discussed. In order to get well-coated core-
shell material, the technological parameters were shown as follows: 
1.  The pH value=8.5-9.8 
2. The single factor analysis of AlCl3 concentration was made, and the concentration of surface elemental 
composition was analyzed by XRD, XPS . In order to get well-coated core-shell material, the technological 
parameters were the concentration of AlCl3 0.040ˉ0.050g/ml. 
3. In order to get the proper mass ratio of well-coated core-shell material, avoid the appearance of 
agglomeration for there is too much of free Al2O3 (which is uncoated), or the impact of the coating quality for there 
is insufficient Al2O3, the single analysis experiments of core and shell mass ratio were made. The result is : when the 
mass ratio of Al2O3 and TiO2 is between 10ˁˉ28.5ˁ,there is the proper Al2O3. 
4. The hydro-thermal reaction in the autoclave is relate to the crystallization degree of core-shell precursor, 
whether the core-shell hydroxide can keep the status of its envelope in the process of dehydration, and the growth of 
nano-partical nucleation. The analysis shows that the technological parameters were the hydrothermal temperature 
200  and the hydrothermal time 3 hours.ć  
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